a b s t r a c t
The occurrence of virus belonging to the putative genus Influenzavirus D, has been demonstrated allaround the world arousing interest within the scientific community. Most of the published virological surveys are based on the first described Real-Time PCR method, designed on the PB1 gene of the first isolate. The necessity of extending investigation to different animal species and geographic areas, requires a continuous update of molecular tests, considering newly sequenced strains. Moreover, the availability of an alternative assay, is essential either to confirm data, or for ensuring the detection of the widest number of strains. A new Real-Time PCR, specific for influenza D virus (IDV), was developed and evaluated. The target sequences of primers and probe are highly conserved among IDV strains currently known. The specificity of the method was demonstrated in silico by BLAST, and in vitro with a huge panel of common swine and bovine respiratory pathogens. The analytical sensitivity of the Real-Time PCR was estimated through synthetic RNA molecules and the limit of detection was about 20 copies/L. The assay was assessed in field and proved to be a valuable tool for the detection of IDV strains.
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Orthomyxoviridae family includes three genera of Influenzavirus: Influenzavirus A (IAV), Influenzavirus B (IBV), Influenza virus C (ICV). In 2011, in Oklahoma, a viral strain belonging to a putative new genus, not yet acknowledged by official taxonomy, was isolated from pigs with influenza-like illness (Hause et al., 2013) and tentatively designated Influenzavirus D (IDV) (Hause et al., 2014) . Despite its first isolation from swine, ensuing studies suggested cattle as reservoir hosts for this newly discovered virus (Hause et al., 2014; Collin et al., 2015; Ferguson et al., 2015; Ng et al., 2015; Ferguson et al., 2016) . Indeed, IDV strains have been subsequently isolated from cattle in the United States (Hause et al., 2014; Collin et al., 2015; Ferguson et al., 2015; Ng et al., 2015) , China (Jiang et al., 2014) , France (Ducatez et al., 2015) , Italy (Chiapponi et al., 2016) , Mexico (Mitra et al., 2016) and Japan (Murakami et al., 2016) . Besides, serological surveys indicated cattle as the species with the high-est seroprevalence and the highest antibody titers for IDV (Hause et al., 2014) . It has been experimentally demonstrated that IDV can also infect guinea pigs and ferrets, and replicates in their respiratory tract . Moreover, antibodies specific for IDV were detected in sera of small ruminants in North America (Quast et al., 2015) . In humans, in spite of a low general seroprevalence (Hause et al., 2013) , a recent study has shown that 94-97% of cattle-exposed workers have specific antibodies against IDV, raising concerns of a possible zoonotic risk (Ferguson et al., 2015; White et al., 2016) . Further studies are necessary in order to better understand IDV epidemiology, hosts range, and pathogenic potential of this virus.
Few sequences of IDV strains are available in GenBank and only one Real-Time PCR method (Hause et al., 2013) , based on the PB1 sequence of the first isolate (JQ922306) has been described (HM, Hause Method). Even though some research groups reported the usage of homemade alternative PCR methods available upon request (Ng et al., 2015; Jiang et al., 2014; Murakami et al., 2016) , the majority of publications on IDV refers to this first method (Ferguson et al., 2015; Ducatez et al., 2015; Mitra et al., 2016; http://dx.doi.org/10.1016/j.jviromet.2017.01.019 0166-0934/© 2017 Elsevier B.V. All rights reserved. 2016). Although PB1 is one of the most stable genes among the Influenzavirus genera, the necessity of extending virological investigation to other animal species and geographic areas, requires a continuous control of the fitness of molecular tests. Besides, an independent test targeting a different sequence is essential either to confirm data, when necessary, or for ensuring the detection of the widest number of strains.
The aim of this work was to develop and evaluate a new Real-Time Taqman assay (NM, New Method) to be applied as an alternative test to HM for the detection of IDV in diagnostic samples. Since, according to some phylogenetic analysis Ducatez et al., 2015) , PB1 is one of the most, if not the most, conserved region of IDV genome, we evaluated a new target in this region. Primers were designed by Primer 3 software (Rozen and Skaletsky, 2000) based on 14 PB1 sequences of IDV from GenBank (GenBank accession numbers: JQ922306, KM392469, KM392476, KM392483, KM392490, KM392497, KM392504, KF425653, KF425660, KF425667, KM015492, KM015499, KM015506, LN559121). Sequences were aligned using ClustalO . A Taqman probe was designed in a conserved region between primers (Table 1) . Viral RNA was extracted from clinical samples and cell cultures using One-For-All Vet Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. Given the scarcity of sequence data, until the target will be better characterized, a two-step RT Real-Time PCR protocol was considered the most appropriate. (200 nM), for detection and amplification of Beta-actin mRNA, were included as an internal control (ß-actin F 5 CTCCTTCYTGGGCATGGA 3 ; ß-actin R 5 GAGGCGCGATGATCTTGAT 3 ; ß-actin Probe HEX 5 AGGACCTCTACGCCAACACGGTGCT 3 BHQ1). Cycling conditions were as follows: activation step at 95 • C for 2 min, followed by 45 cycles of denaturation at 95 • C for 15 s and annealing/extension at 60 • C for 1 min. Fluorescence signal was detected after the annealing/extension step at each cycle. All PCR assays were performed on the CFX96 Real-Time PCR Systems (Bio-Rad, Milan, Italy). The HM was applied as previously described (Hause et al., 2013) . In silico analysis of primers and probe by BLAST search was performed in order to assess specificity and inclusivity, taking account of newly published IDV sequences. , with the same primers and probe concentrations used in the Real-time RT-PCR reaction. For a relative comparison of analytical sensitivity of the two methods, an IDV cell culture of the strain D/swine/Italy/199724-3/2015 was serially diluted. Three replicates of 10-fold serial dilution in nuclease-free water of both plasmid and ssRNA were tested to determine the Limit of Detection (LOD) of the Real-time RT-PCR assay. The last dilution showing 100% response was accepted as LOD. For an evaluation of concordance of the two assays in field, clinical samples from respiratory tract of swine and cattle were screened for IDV presence in parallel by Real-Time RT-PCR as previously described (Hause et al., 2013) and by the new method. Concordance between tests was evaluated by Cohen's agreement test (kappa test) using resources available at VassarStats site (http://faculty.vassar.edu/lowry/VassarStats.html). In order to deeply assess field application, clinical samples from swine and cattle, conferred to our laboratories for diagnosis of respiratory diseases, were tested for IDV presence by the NM. For confirmation, positive samples were analyzed by HM. Moreover, they were submitted to viral isolation in cell cultures as previously described (Chiapponi et al., 2010; Collin et al., 2015) . Besides, sequencing of 340 nucleotides of PB1 gene was attempted for at least one positive sample from each farm of origin. Sequencing was performed on both strands by BigDye Terminator Cycle Sequencing kit v1.1 on 3500xl genetic analyzer (Thermo Fisher Scientific, Waltham, USA) using the IDV F primer and the reverse primer of HM (Hause et al., 2013) . Sequences were analyzed using Lasergene software (DNAStar, Madison, USA). BLAST search (http://blast.ncbi.nlm.nih. gov/Blast.cgi) was performed to confirm the nucleotide identity of the amplicons. Primers and probe sequence analysis, including the new strains so far available on Genbank, has revealed that the target regions of the new assay are conserved (Fig. 1) , even more than those of the HM (Fig. 2) . In particular, BLAST search has demonstrated that the reverse primer is com- pletely conserved among known strains, while the forward one presents only one internal mismatch with the sequence of the Japanese strain D/bovine/Ibaraki/7768/2016 (LC128438.1), and a further one with the strain D/bovine/Texas/3-13/2011 (KM392483.1). The probe, instead, differs by one nucleotide from strains D/bovine/Shandong/Y217/2014 (KM015506.1) and D/bovine/Shandong/Y125/2014 (KM015492.1), and by an additional one from D/bovine/Shandong/Y127/2014. Anyway, these bases are located in a central position, and the probe should be long enough to ensure the annealing at 60 • C also with these Chinese strains. Moreover, it is also remarkable that the region recognized by IDV probe is highly conserved among the Influenzavirus genera: minor substitutions are present in IAV, ICV and IBV strains. This represents an advantage for the assay, reducing the probability of mismatched sequences, difficult to detect. Indeed, the specificity of the test for IDV is assured by primers that are highly specific. Precisely, in silico analysis did not identify similar target sequences among IAV, IBV and ICV strains, included the one of swine origin: C/pig/Beijing/115/81 (Accession no. LC123406.1). Besides, the specificity of the test was extensively demonstrated in vitro: no cross reactivity was noticed with all the tested strains of IAV, IBV and ICV. Moreover, 38 of the analyzed field samples were positive for IAV and negative for IDV with the NM. Finally, none of the tested pathogens, involved in respiratory diseases of cattle and swine, gave positive results.
In this study, the new method showed comparable sensitivity to the one previously described. Indeed, both were able to detect all replicates from dilution 10 −1 -10 −7 of serially diluted viral culture, with R 2 = 0.99 and slope = −3,78 for HM, R 2 = 0.99 and slope −3.55 for NM. In particular NM detected 2 over 3 replicates of 10 −8 dilution and HM only one, while both methods detected all replicates of dilution 10 −7 . Furthermore, the two tests gave similar results also with plasmid dilution series from 10 8 copies/L to 10 0 copies/L. The limit of detection of the Real-Time PCR test was 10 1 plasmid copies/L (R 2 = 0.99 and slope = −3.17 for HM; R 2 = 0.99 and slope = −3.11 for NM). Specifically, both assays were able to detect all replicates at 10 1 plasmid copies/L and only some of those at 10 0 copies/L. Finally, the LOD of the Real-Time RT-PCR, estimated by the analysis of the quantified synthetic RNA, was 20 copies/L for both methods (R 2 = 0.99 and slope = −3.61 for HM; R 2 = 0.99 and slope = −3.46 for NM). The mean Cq ± 2SD of replicates corresponding to LOD for NM was 38.11 ± 1.08. Based on these results, and considering that none of the plasmid or cell culture dilutions exceeded Cq 38, the analytical cutoff for positivity was provisionally established at Cq ≥ 39. The concordance of the two tests in field application was very high. A total of 157 field samples (19 lung tissues, 12 oral fluids, 21 nasal swabs of swine, and 27 lung tissues, and 78 nasal swabs of cattle) were analyzed in parallel with HM and NM. All results were concordant (Cohen's Kappa = 1): 18 positive samples (2 oral fluids and 7 nasal swabs from swine and 2 lung tissues and 7 nasal swabs from cattle) and 139 negative samples with both assays. To complete the field evaluation of the NM, more than 1 thousand clinical samples, 556 from cattle and 554 from swine, were tested. Among these 54 were found positive: 11 nasal swabs came from 2 pig farms, and 2 lung tissues and 41 nasal swabs were from 24 cattle farms. Sequencing was possible only when samples with a threshold cycle lower than 32 were available. Altogether 21 PB1 partial sequences were obtained. Sequence analysis confirmed all strains as belonging to IDV showing 99% of nucleotide identity towards PB1 sequence of the strain D/swine/Oklahoma/1334/2011 (JQ922306). A total of 12 isolates were achieved from positive samples detected by the new method. Moreover, all positives were confirmed by the HM.
These results demonstrate the new Real-Time RT-PCR assay is a valuable tool for diagnosis of IDV infection, suitable to detect currently known strains. It represents an advantageous alternative to the currently most diffuse method and can also be applied to confirm weakly positive results, that could not assessed by sequencing or isolation. The NM is extremely important mainly in this phase of research on IDV where is necessary to extend studies to other regions of the world and to different possible animal hosts. Due to the present scarcity of sequence data, the NM, as all PCR assays developed to date, will need to be assessed in the future, at least in silico, for the capability of recognizing all upcoming strains. When more information about sequence variability will be available the method could be implemented with a one-step RT Real-Time PCR procedure, more suitable for application in diagnostic routine.
